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«^<5> Pressure-sentitive input apparatus. 
CD 

in a pressure-sensitive input apparatus comprising an X-coordinate detection resistive member connected to 
CO mutually parallel vertical electrodes and a Y-coordinate detection resistive member connected to mutually 
q parallel horizontal electrodes, for detecting the position of a point depressed by a stylus or the like, by detecting 
changes in the resistance values of these resistive members, switches are provided for on-off control of the 
Q» current flowing into or out of both ends of the X-coordinate detection resistive member and the Y-coordinate 
detection resistive member, and a voltage detection circuit detects the voltage between the X-coordinate 
detection resistive member and the Y-coordinate detection resistive members. Multiple input is detected 
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according to the results obtained from the voltage detection means when the currents are switched by the 
switching means. 

FIG. 3 
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PRESSURE-SENSITIVE INPUT APPARATUS 



BACKGROUND OF THE INVENTION 

This invention relates to a pressure-sensitive input apparatus that operates by detecting variations in 

5 electrical resistance, and particularly to an improvement for detecting input at multiple locations. 

A prior-art example of a pressure-sensitive input apparatus that operates by detecting variations in 
electrical resistance is described in Technical Paper of the Institute of Electronics and Communications 
Engineers of Japan IE81-7 , May 1987, pp. 1 - 6 publisTTecTby the Institute of Electronics and Communica- 
tions Engineers of Japan. This apparatus is capable of detecting the positional coordinates of an input at a 

70 single point only on a pressure-sensitive input surface. 

Fig. 1 shows the typical principle of operation of a prior art pressure-sensitive input apparatus that 
operates by detecting variations in electrical resistance. This input apparatus comprises an input panel N 
which includes a group of vertical electrodes 1 and a group of horizontal electrodes 2 t which extend 
orthogonally with respect to the vertical electrodes 1 . Disposed between the vertical electrodes 1 and the 

75 horizontal electrodes 2 is a pressure-sensitive sheet 5. The electrical resistance of the pressure-sensitive 
sheet 5 is?educed at a location where a pressure is "applied in the thickness direction. As ah alternative, the 
vertical electrodes 1 and the horizontal electrodes 2 are separated by an air gap, in which case the vertical 
electrodes or the horizontal electrodes are resiliency deformed until they are in contact with each other. In 
both groups the electrodes 1 and 2 are disposed parallel to one another, the pitch of electrodes 

20 corresponding to the resolution of the input apparatus. Connected to these groups of electrodes 1 and 2 
and disposed orthogonally to each other are an X-coordinate detection resistive member 3 and a Y- 
coordinate detection resistive member 4, both of which have a uniform, lengthwise resistivity (resistance per 
unit length). The horizontal electrodes 2 are covered wity a protective, insulating sheet, not shown. The 
details of the structure of the input panel N is known in the art. Examples of the input panel are shown in 

25 Japanese Patent Application Publication No. 34543/1982, which is hereby incorporated by reference and 
further explanation thereof is omitted. 

A constant-current source 6 is further connected as shown in the drawing, and current detection circuits 
7 and 8 are provided. A positional coordinate calculation circuit 10 is provided to receive the outputs from 
the current detection circuits 7 and 8 to calculate the positional coordinate of the point P at which a stylus S 

so is applied. 

The apparatus operates as follows. Suppose there is an input at a point P located at a position x on the 
X axis and y on the Y axis, as measured from the origin 0 of the effective input area. At the point P at 
which pressure is applied, the electrical resistance in the thickness direction of the pressure-sensitive sheet 
(or air gap) 5 is reduced, so the electrodes in the group of vertical electrodes 1 and the group of horizontal 

35 electrodes 2 at this point are connected through a contact resistance r c . The equivalent circuit at this 
moment is shown in Fig. 2, in which R x is the total resistance of the X-coordinate detection resistive 
member 3, R y is the total resistance of the Y-coordinate detection resistive member 4, l e is the current value 
of the constant-current source 6. and P x and P y are the points on the X-coordinate and Y-coordinate 
detection resistive members 3 and 4, respectively, at which the vertical and horizontal electrodes 1 and 2 

40 are connected. 

The following relationship is easily derived from the equivalent circuit in Rg. 2. 

x = L x *i 2 /I 0 (1) 
y = L/u/I 0 (2) 

45 

where L x and L y denote dimensions of the effective input area in the x- and y-directions, respectively. 
Since L Xl L yt and l c are constants, x is directly proportional to \z and y is directly proportional to U. The 
positional coordinate (x, y) of the point P at which pressure was applied can therefore be found by 
measurement of the current values \2 and u by the current detection circuits 7 and 8. An important point to 
so note is that the position can be detected independently of the contact resistance r c between the vertical and 
horizontal electrodes 1 and 2. 

A problem in the apparatus described above is that when there is input at multiple points, which may 
occur when the input surface is touched by simultaneously by the input stylus S and another object such as 
a finger at a pressure exceeding the threshold value, it is not possible to detect the correct position. 
Moreover, the prior-art apparatus is not able to detect that multiple input has occurred. Accordingly, a value 

3 
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quite different from the coordinate of the position intended by the operator may be erroneously obtained 
and supplied to a data processing device connected to the pressure-sensitive input device. 

5 SUMMARY OF THE INVENTION 

An object of the present invention is to solve the preceding problem in the prior art. 
Another object of the invention is to provide a pressure-sensitive input apparatus with a superior man- 
machine interface capable of detecting multiple input and warning the operator, thereby preventing incorrect 
io input. 

This invention relates to a pressure-sensitive input apparatus comprising an X-coordinate detection 
resistive member connected to mutually parallel vertical electrodes and a Y-coordinate detection resistive 
member connected to mutually parallel horizontal electrodes, and separated from the vertical electrodes by 
a pressure-sensitive sheet or air gap, which detects the position of a point depressed by a stylus or the like 

15 by detecting changes in the electric currets through respective ends of the resistive members. 

To solve the aforementioned problem of the prior art. this invention provides switching means for on-off 
control of the current flowing into or out of both ends of the X-coordinate detection resistive member and 
the Y-coordinate detection resistive member, and voltage detection means for detecting the voltage 
between the X-coordinate detection resistive member and the* Y-coordinate detection resistive member, and 

20 a decision is made as to whether the detected values obtained by the voltage detection means under each 
set of on-off conditions satisfy a predetermined condition. This condition is set on the basis of the fact that 
if during input with the stylus the operator inadvertently applies pressure elsewhere, in general both the x 
coordinates and the y coordinates of the multiple input positions will differ. When multiple input is detected 
the result of the calculation of the coordinate is disregarded or the calculation is disabled, and/or warning is 

25 given to the operator. Input of the positions not intended by the operator can be thereby prevented. 



BRIEF DESCRIPTION OF THE DRAWINGS 

30 Fig. 1 illustrates the principle of operation of a prior-art pressure-sensitive input apparatus that 

operates by detecting variations in electrical resistance. 

Fig. 2 shows an equivalent circuit when a single input point is depressed. 
Fig. 3 illustrates the principle of operation of an embodiment of the present invention. 
Fig. 4 shows an equivalent circuit when two input points are depressed. 
35 Fig. 5A. Fig. 5B, Fig. 6A and Fig. 6B show equivalent circuits for calculating Vi + V2 and V3 + v* 

under the conditions in Table 1 . 



DETAILED DESCRIPTION OF THE EMBODIMENTS 

Fig. 3 illustrates the principle of operation of an embodiment of this invention. The illustrated input panel 
N is identical to that shown in and described with reference to Fig. 1 so its explanation will be omitted. 

A constant-current source 6 is connected as shown in the drawing to supply a constant-current through 
the electrodes 1 and 2. and the resistive members 3 and 4, and current detection circuits 7 and 8 are 

45 provided to detect currents through the resistive members 3 and 4. A positional coordinate calculation 
circuit 10 is provided to receive the outputs from the current detection circuits 7 and 8 and to calculate the 
positional coordination (x, y) of the point Pi at which a stylus is applied. The positional coordinate 
calculation circuit 10 may be formed of a computer with a stored program to perform the required functions. 
The apparatus of this embodiment is further provided with switches Si, Sz, S3, and S* connected to 

so turn on and off the current flowing into or out of the X-coordinate detection resistive member 3 and the Y- 
coordinate detection resistive member, a voltage detection circuit 9 for detecting the voltage between the X- 
coordinate detection resistive member 3 and the Y-coordinate detection resistive member 4, and a control 
circuit 11 for controlling the switches Si to S*, to be on and off in the sequence shown in Table 1. and to 
be all on. A judgment circuit 12 is further provided to receive the outputs of the voltage detection circuit 9 

55 and the control circuit 1 1 , and judges whether or not there has been multiple input according to the voltages 
detected by the voltage detection circuit 9 when the currents are switched by the switches Si , S2 . S3 and 
S*. i.e., when the switches Si to S* are in the respective states. The judgment circuit 12 may comprises a 
computer with a stored program to perform the required judgment and calculation therefor. A warning 

4 
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device 13 is connected to the judgment circuit 12 to produce an warning to the operator when multiple input 
is detected. 

Next the principle of operation of this embodiment will be described: 

Suppose that the voltage detection circuit 9 obtains the voltage detection values Vi , v 2 , v 3 , and v* when 
the switches Si, S 2 » S3, and S4 are in the four states listed in Table 1 below. 

Table 1 



70 



75 



20 



25 



30 



35 



40 



45 



50 



55 



Condition 


Detected 
voltage 


Si 


S 2 


S 3 


s + 


ON 


OFF 


ON 


OFF 


V 1 


OFF 


ON 


OFF 


ON 


V 2 


ON 


OFF 


OFF 


ON 


V 3 


OFF 


ON 


ON 


OFF 





c :- a r*£Lscn o~ given later, when there is input at multiple points the relation vi + v 2 = v 3 + v* is 

— jr ^essure is now applied to two points, the point Pi (xi, y.i) and the point P 2 (x 2l y 2 ) in 
j r :<»•—»:. p - and P 2 , the electrical resistance in the thickness direction of the pressure-sensitive 
sncf-- * -^i;- *. -t reduced, so the electrodes in the group of vertical electrodes 1 and the group of 
r.e'\r:=-v.a 2 are connected at these positions through contact resistance r c1 and r^. The 

e-^^.d^-t : 'c -1' *: n:5 moment is shown in Fig. 4. In Fig. 4, Xi £ x 2 and y 2 £ yi , but this restriction can be 
remover A-r-o-* of generality, due to the argument given below. 

- v. a*. : ♦ V4. can be calculated in the following way. In this calculation it is convenient to use 
the *ct_ vaK~: :rcu»t in Fig. 5A for (vi + v 2 ) and Fig. 5B for (V3 + v*). Setting: 

A = .H,l,h/. * v:) (3) 
3 = L.w-r - x ) (4) 

gives :r.e eauivaient circuit in Rg. 6A for (vi + v 2 ) and Fig. 6B for (v 3 + v<). 
The condition for 

vi + v: - vj * v* (5) 

to be true is given by equation (6) : 

( A + r cl ) (B 4- r c2 ) ( ( A 4- r c 2 ) ( B + r c l ) 
AH-B-hr c i-f-r C 2 A4-B4-r c i+r c2 



c 1 ( A + B -h r c2 ) ,rc2(A + B+ r c i) 



A 4- B 4- r 



c 1 



+ r 



A-rB4-r C i+r C 2 
Equation (6) simplifies to the following: 



AB = 0 (7) 

From equations (3) and (4), the conditions necessary for equation (7) to be true are: 



c 2 



(6) 



xi = x 2 and y> * y 2 
or 



(8) 
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x, * x 2 and y? = y2 (9) 
or 

5 xt = x 2 and yi = y: (10) 

Equation (10) represents a situation in which there is input at a single location. In a practical situation, 
one can assume that situations satisfying expressions (8) and (9) do not occur or the probability of 
occurrence of such situations is negligible) if the pitch of the electrodes or the resolution is sufficiently 
io small. Accordingly, one can assume that if equation (5) is satisfied the input is at a single location and if 
equation (5) fails to be satisfied input at multiple points has occurred. 

The judgment circuit 12 performs the above described calculation and the judgment, 
in a practical system, an approximate equality, rather than a strict equality, is used for the judgment of 
whether or not there has been multiple input. For instance, judgment is made whether or not the following 
75 relationship is satisfied: 

|(vi + v 2 ) - (v 3 + vO| < e (11) 

where e is a predetermined value close to zero. The value of e can be determined on the basis of variations 
20 of the various parameters of the apparatus, including the resistivities of the X-coordinate and Y-coordinate 

detection resistive members. 

When expression (5) of (11) is satisfied, the judgment circuit 12 judges that there has been normal input 

at one point only, and supplies the coordinate calculating circuit 10 with a signal VI indicating that input is at 

a single location and valid. The coordinate calculating circuit 10 calculate the positional coordinate using the 
25 outputs of the current detection circuit 7 and 8 obtained when the switches Si. S2, S3 and S* are all on. 

The calculated coordinate is output if the coordinate calculating circuit 10 received the signal VI. The 

equation used for the calculation can be the same as that explained with reference to the prior art of Fig. 1 

and Fig. 2. 

When the expression (5) or (11) is not satisfied, the judgment circuit 12 judges that there has been 
30 multiple input, and the result of the calculation of the coordinate is not output and instead a signal Ml 
indicating that there has been multiple input is output. Moreover, a warning device 13 is activated by the 
judgment circuit 12 to inform the operator of the multiple input. 

The control circuit 11 may be arranged to send control signals to the switches S u S 2 , S3 and S* to 
operate in the sequence shown in the Table 1 and then to turn on all the switches, and sends the same 
35 control signals to the judgment circuit 12 and the coordinate calculating circuit 10 so that the judgment 
circuit 12 and the coordinate calculating circuit 10 makes the calculation and the judgment in accordance 
with the data at the appropriate timings. 

In the above embodiment, the calculated coordinate is output when the judgment circuit 12 judges that 
input is at a single location. In a modification, the coordinate calculating circuit 10 may be enabled to 
40 perform the calculation of the coordinate when the signal VI is supplied. 

The preceding discussion covered the case of input at two points, but there is no loss of generality in 
the case of three or more points because in these cases as well, equation (5) fails to be satisfied. 

As explained in detail above, the provision of the switches Si to S«, the voltage detection circuits 9. and 
the judgment circuit 12 enables input at multiple points to be detected, so even if during input with a stylus 
45 the operator inadvertently applies pressure elsewhere, positions not intended by the operator will not be 
detected. Thus the major defect of the prior-art pressure-sensitive input apparatus can be overcome. 

In the above description, it was assumed that the input is made by a stylus. But the invention is also 
applicable where the input is made by a finger. 

50 

Claims 

1 . A pressure-sensitive input apparatus comprising: 
vertical electrodes which are parallel with each other; 
55 horizontal electrodes which parallel with each other, intersect said vertical electrodes and are separated 
from the vertical electrodes; 

the electrical resistance between said vertical electrodes and said horizontal electrodes being reduced at a 
location where a pressure is applied; 

6 
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an X-coordinate detection resistive member connected to the vertical electrodes; 
a Y-coordinate detection resistive member connected to the horizontal electrodes; 

current supply means for supplying an electric current through said vertical electrodes, said horizontal 
electrodes, said X-coordinate detection resistive member and said Y-coordinate detection resistive member; 
5 coordinate calculating means for detecting currents through said X-coordinate detection resistive member 
and said Y-coordinate detection resistive member and calculating the positional coordinate at which a 
pressure is applied; 

switching means for on-off control of the current flowing through both ends of the X-coordinate detection 
resistive member and the Y-coordinate detection resistive member; 
10 voltage detection means for detecting the voltage between the X-coordinate detection resistive member and 
the Y-coordinate detection resistive member; 

judgment means responsive to the voltage detection means for detecting multiple input according to the 
. results obtained from the voltage detection means when the currents are switched by the switching means. 

2. An apparatus according to claim 1, wherein said judgment means detects the multiple input 
75 according to the results obtained from the voltage detection means when the switch means are in 

respective states. 

3. An apparatus according to claim 2, further comprising control means for controlling said switch 
means, wherein said judgment means is responsive to the control means to determines the states of the 
switch means. _ 

so 4: An apparatus according to claim 1, wherein said current supply means has a first output terminal 
connected to first and second ends of said X-coordinate detection resistive member, and a second output 
terminal connected to first and second ends of said Y-coordinate detection resistive member. 

5. An apparatus according to claim 4, wherein said X-coordinate detection resistive member and said Y- 
coordinate detection resistive member have a uniform lengthwise resistivity. 

25 6. An apparatus according to claim 5, wherein said switching means comprises: 

a first switch interposed between said first output terminal of said current supply means and said first end of 
said X-coordinate detection resistive member, 

a second switch interposed between said first output terminal of said current supply means and said second 
end of said X-coordinate detection resistive member, 
30 a third switch interposed between said second output terminal of said current supply means and said first 
end of said Y-coordinate detection resistive member, and 

a fourth switch interposed between said second output terminal of said current supply means and said 
second end of said Y-coordinate detection resistive member. 

7. An apparatus according to claim 6, wherein said voltage detection means is connected to detect the 
35 voltage across said first output terminal and said, second output terminal of said current supply means, and 
said judgment means makes said judgment in accordance with whether or not the following relationship 
holds: 

|(v t + v 2 ) - (v 3 + v*)| < e 

40 

where 

vi is the voltage detected by said voltage detection means when said first switch is on, said second switch 
is off, said third switch is on and said fourth switch is off, 

V2 is the voltage detected by said voltage detection means when said first switch is off, said second switch 
45 is on, said third switch is off and said fourth switch is on, 

v 3 is the voltage detected by said voltage detection means when said first switch is on, said second switch 
is off, said third switch is off and said fourth switch is on, 

V4 is the voltage detected by said voltage detection means when said first switch is off. said second switch 
is on, said third switch is on and said fourth switch is off, and e is a predetermined value. 
50 8. An apparatus according to claim 7, wherein the pitch of the electrodes is so small that the probability 
of erroneous input at multiple locations where either the X-coordinate values of the Y-coordinate values are 
identical is negligible. 

9. An apparatus according to claim 7, wherein said coordinate calculating means determines the X- 
coordinate x and the Y-coordinate by performing the following calculation: 

55 

x = L x 'i 2 /I 0 
y = L/u/l 0 
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where 

L x is the length of the effective input area in the direction of the horizontal electrodes, 
L y is the length of the effective input area in the direction of the vertical electrodes, 

I 0 is the current value of the current supply means when said first, second, third and fourth switches are all 
on, 

i 2 is the current through one end of the X-coordinate detection resistive member when said first, second, 
third and fourth switches are all on, and 

u is the current through one end of the Y-coordinate detection resistive member when said first, second, 
third and fourth switches are all on. 

10. An apparatus according to claim 9, wherein said current suppply means is a constant-current supply 

means. 

11. An apparatus according to claim 1, wherein said vertical electrodes and said horizontal electrodes 
are separated from each other by a pressure-sensitive sheet or air gap. 
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FIG. 4 
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© In a pressure-sensitive input apparatus compris- 
ing an X-coordinate detection resistive member con- 
nected to mutually parallel vertical electrodes and a 
Y-coordinate detection resistive member connected 
to mutually parallel horizontal electrodes, for detect- 
fv^ing the position of a point depressed by a stylus or 
^the like, by detecting changes in the resistance 
values of these resistive members, switches are pro- 
^vided for on-off control of the current flowing into or 
O^out of both ends of the X-coordinate detection resis- 
g^tive member and the Y-coordinate detection resistive 
q member, and a voltage detection circuit detects the 
CO voltage between the X-coordinate detection resistive 
q member and the Y-coordinate detection resistive 
members. Multiple input is detected according to the 
results obtained from the voltage detection means 
when the currents are switched by the switching 
means. 
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